Background: Intrahepatic cholangiocarcinoma (ICC) is a rapidly progressing malignancy; only a minority of the tumours can be resected and the palliative regimens have shown limited success. The aim of this study was to assess overall survival (OS), tumour response and the safety of radioembolization with yttrium-90 ( 90 Y-TARE) in patients with unresectable/recurrent ICC.
Intrahepatic cholangiocarcinoma (ICC) is the second most common primary liver cancer after hepatocellular carcinoma (HCC) (Bridgewater et al, 2014) . Although relatively rare, its incidence has been reported to be increasing worldwide, accounting for up to 15% of primary liver cancers with an age-adjusted rate of about 2.1 per 1 00 000 people per year in western countries (Yang et al, 2012; Bridgewater et al, 2014) .
Surgical treatment is the only potential curative treatment for ICC. However, only 30-40% of ICCs are diagnosed at a stage which meets the criteria for curative resection (Bridgewater et al, 2014) . Unresectable ICCs have a median survival of o8 months if untreated (Chou et al, 1997; Roayaie et al, 1998) , which can be increased to B12 months with systemic chemotherapy (gemcitabine and cisplatin) (Valle et al, 2010; Bridgewater et al, 2014) .
The results of curative-intent surgery, which increases median overall survival (OS) with a range from 27 to 36 months, are mainly limited by the high recurrence rate of this cancer.
For these reasons, locoregional therapies, such as radiofrequency ablation (RFA) or transarterial chemoembolization (TACE), are part of the therapeutic armamentarium for ICC. RFA has been proven to achieve good results in patients with small, single ICCs, leading to a median survival ranging from 33 to 38.5 months and 3-year survival rates ranging from 43.3 to 83.3% (Kamphues et al, 2010; Kim et al, 2011a, b, c) . However, the effectiveness of RFA is poor for tumours 45 cm and for those located close to large vessels or in the subcapsular region (Razumilava and Gores, 2014) . In a recent meta-analysis, TACE has also been demonstrated to be superior to supportive care in patients with unresectable ICC, allowing cumulative median OS rate of 12.4 months from the date of treatment (Boehm et al, 2015) . Nevertheless, these data must be interpreted with caution due to the heterogeneity of the studies and to the absence of standard-ofcare systemic therapy to be used as a benchmark (Razumilava and Gores, 2014) .
Considering the relative radiosensitivity of ICC (Grove et al, 1991; Nathan et al, 2007) , Yttrium-90 radioembolization ( 90 Y-TARE) represents a promising alternative treatment for this neoplasm. The advantage of 90 Y-TARE is the ability to deliver a high dose of radiation directly to the tumour, thus powering the tumoricidal effect with minimal collateral damage to the normal liver parenchyma or surrounding tissues. To date, seminal data regarding the safety and efficacy of 90 Y-TARE in ICC patients have been reported by several small studies in which the median survival ranged from 9.3 to 22 months (Bridgewater et al, 2014; Al-Adra et al, 2015) .
The present study, based on one of the largest case series of those already published, provides additional information regarding survival, tumour response and the safety of 90 Y-TARE in patients with unresectable ICC treated at a tertiary referral centre.
MATERIALS AND METHODS
Patients. In this single-centre study, the data of 23 consecutive patients with ICC undergoing 90 Y-TARE between July 2010 and September 2015 were retrospectively analysed; all treated ICC were mass-forming type. This therapeutic choice was undertaken by the multidisciplinary tumour board of our Institution after a careful and comprehensive evaluation of the clinical characteristics and a radiological imaging work-up unequivocally showing the presence of an unresectable primary or recurrent ICC.
Patients were eligible for this treatment if they met the following criteria: (1) histologically proven ICC; (2) unresectable naive tumour or disease relapse/persistence after various treatments, including liver resection; (3) Eastern Cooperation Oncology Group (ECOG) performance status of 0-2; (4) adequate liver function with bilirubin o2.0 mg dl À 1 ; (5) granulocyte count X1.5 Â 10 9 l À 1 ; (6) platelet count X50 Â 10 9 l À 1 and (7) amenability to visceral angiography. The exclusion criteria included: (1) flow to the gastrointestinal tract not correctable by coil embolization or (2) estimated lung exposition to a radiation dose 430 Gy in a single administration or 50 Gy cumulatively. Patients with liver cirrhosis in Child-Pugh class C were also excluded.
The study conforms to the ethics guidelines of the Declaration of Helsinki and was approved by our Institutional Review Board. All patients provided informed, written consent to the procedure.
Treatment protocol. All patients evaluated for
90 Y-TARE underwent pre-treatment angiography to detect liver arterial variants and intratumoral artero-venous shunting; thereafter, technetium-99 m macroaggregated albumin scanning was performed. Radioembolization therapy was performed according to the technique previously described in detail Gramenzi et al, 2015 Clinical follow-up and response to treatment. Before treatment, all patients underwent clinical evaluation, which included history, physical examination, a specific laboratory profile (liver function tests, complete blood count, coagulation profiles, albumin and total bilirubin) and detailed radiological assessment using computed tomography (CT) scan or magnetic resonance (MR) imaging.
After 90 Y-TARE, the patients were regularly evaluated at 1 and 3 months, and thereafter at 3-month intervals. At each visit, the clinical and toxicity data were recorded, and CT or MRI was performed. In the case of incomplete tumour targeting or progressive intrahepatic disease, the patients were retreated. Biochemical toxicities occurring at any time after treatment were reported. The Common Terminology Criteria for Adverse Events of the National Cancer Institute were used to categorise toxicities (Cirillo et al, 2009 ). All clinical, laboratory and imaging data were prospectively acquired.
Tumour response was assessed by both tumour size criteria (Response Evaluation Criteria In Solid Tumors, RECIST 1.1) (Eisenhauer et al, 2009 ) and enhancement criteria, such as modified RECIST (Lencioni and Llovet, 2010) and the European Association for the Study of the Liver (EASL)) criteria (Bruix et al, 2001) . These criteria were adapted and applied on delayed acquisitions, as previously reported by Camacho et al (2014) , given that ICCs usually show peripheral/centripetal enhancement on the equilibrium/delayed phase after contrast medium administration on either CT or MRI (Lazaridis and Gores, 2005) .
For RECIST and mRECIST, target and overall assessments were obtained while only target assessment was carried out for the EASL criteria since it was proposed as a locoregional assessment tool. The objective response (OR) was calculated as the sum of the complete response (CR) and the partial response (PR), while disease control (DC) included CR, PR and stable disease (SD). The radiological response was evaluated by two fellowship-trained abdominal radiologists.
Statistical analysis. The primary endpoint of this study was OS. The secondary endpoints were radiological tumour response and safety.
The quantitative variables were expressed as mean ± s.d. or median and range, as appropriate. The categorical variables were presented as numbers and percentages. OS was calculated from the time of the first 90 Y-TARE to death, with the data terminating on 30 September 2015 (end of the study) or at the last patient evaluation. The Kaplan-Meier method was used to calculate median survival and the pertinent 95% confidence interval. Median survivals of different categories of variables (performance status, portal vein thrombosis (PVT), prior radical procedure or systemic chemotherapy, tumour distribution, extrahepatic metastases, the presence of cirrhosis and tumour response) were compared using the log-rank test. A two-tailed P-value o À 0.05 was considered statistically significant. The statistical analysis was carried out using SPSS 16.0 software (SPSS, Chicago, IL, USA).
RESULTS
The baseline demographical and clinical characteristics of the 23 ICC patients are summarised in Table 1 . The majority of the patients were male (61%), ECOG 0 (78%) and without cirrhosis (65%). The majority of them presented with bilobar and multifocal disease. Extrahepatic metastases were found in two cases (8%): one patient had two pulmonary lesions (o1 cm) and one had regional lymph node metastases (maximum diameter: 3 cm).
Only four patients (17%) had a naive unresectable ICC, i.e., they had not received any type of prior treatment. Sixteen tumours (70%) had recurred after curative-intent surgical procedures (resection or lobectomy), and 13 of them had already undergone systemic or locoregional treatment. Overall, 12 patients (52%) had previously been treated with systemic chemotherapy. 90 Y-TARE treatment. The injected activity, tumour volume, target volume, percentage of targeted to total liver volume, lung shunt and average lung dose are reported in Table 2 . The characteristics of the TARE treatment are also reported in Table 2 . Three (13%) patients repeated the procedure.
Radiological response. Regular radiological assessment was completed in 20 patients (87%), since 2 patients died before the first assessment and 1 was treated in such close proximity to the end of the study that he did not reach the time of the first evaluation. Table 3 shows the radiological response at 3 months.
Target lesion OR rates (CR þ PR) were 20% for RECIST 1.1, 70% for mRECIST and 60% for the EASL criteria. Overall OR rates were 15% for RECIST 1.1 and 45% for mRECIST.
Survival. During a median follow-up of 16 months (range: 2-52 months), 17 patients (74%) died. The median survival was 17.9 months (95% CI: 14.3-21.4 months). The cumulative survival rate was 67.9% at 1 year and 20.6% at 2 years ( Figure 1) . Table 4 summarises the median survivals on the basis of baseline characteristics.
At univariate analysis, no statistically significant differences in OS were observed according to age, sex, ECOG, PVT, bilobar disease, and number of nodules or metastases. The four treatmentnaive patients showed significantly better median survival as compared with previously treated patients (52 vs 16 months, P ¼ 0.009). The median survival of the 16 patients previously treated with curative-intent surgery was shorter than that of the other patients, but the difference did not reach the statistical significance (18 vs 52 months, P ¼ 0.223).
No statistically significant differences in survival were noted when the radiological response was assessed by RECIST, while they manifested when using both mRECIST and the EASL criteria. In particular, according to mRECIST, patients with DC had significantly prolonged survival as compared with patients with progression disease (PD) regardless of whether target lesions (median survival: 21 vs 7 months, P ¼ 0.014) or overall response (median survival: 24 vs 11 months, P ¼ 0.013) were considered. Similarly, according to the EASL criteria, patients with DC had significantly prolonged survival when compared with PD patients (median survival: 21 vs 7 months, P ¼ 0.014). Four patients (17%) received systemic chemotherapy (gemcitabine or gemcitabine plus oxaliplatin) after TARE due to disease progression as judged by the treating physician.
Toxicities. Periprocedural adverse events occurred in 10 patients and consisted of grade 1 abdominal pain in 5 cases, grade 1 fever in 3 and grade 1 fatigue in 2. Routine medications allowed obtaining a complete remission of the pain and fever. Fatigue resolved in o3 months.
Late complications included a grade 3 bilirubin increase, which spontaneously resolved 3 months after 90 Y-TARE and one case of cholecystitis requiring medical management. Mild ascites occurred in five patients (22%) starting from 15 to 90 days after the procedure. All of them were cirrhotic patients and the ascites resolved with diuretic therapy in all cases.
DISCUSSION
Transarterial radioembolization with 90 Y microspheres has been indicated as a treatment option alternative to other locoregional or systemic therapies for patients with unresectable ICC. However, to date, the literature addressing this issue is scanty, and the few studies evaluating the outcome of such a treatment have reported heterogeneous and difficult-to-scrutinise results, showing median survival which ranges from 9.3 (Saxena et al, 2010) to 22 months (Hoffmann et al, 2012) . This difference can be principally attributed to the extreme heterogeneity of the patient population enroled, which is an unavoidable feature of clinical series dealing with (relatively) rare diseases. In fact, even our case series included patients with either naive unresectable ICC or tumours which relapsed after various treatments (including liver resection), who can be considered as having reached different time points in the natural history of their disease. Therefore, since carrying out robust sub-analyses within single-case series is highly improbable, only meta-analysis and meta-regression of published studies can obtain compelling, evidence-based and patient-tailored information.
It should be noted that 90 Y-TARE was performed successfully with no mortality and a very low morbidity rate (Ibrahim et al, 2008; Rafi et al, 2013) .
The median OS of 17.9 months obtained in our study is encouraging, and competes favourably with the pooled mean figure of 15.5 months recently reported by a systematic review of 12 studies by Al-Adra et al (2015) . However, it is worth noting that the already mentioned heterogeneity of ICC-treated population limits the reliability of these comparisons. Such a heterogeneity can be ascribed not only to tumour extent, the presence or absence of portal involvement and extrahepatic disease, but also to the treatment regimens used before TARE (surgery, systemic chemotherapy, intra-arterial therapies). In any case, in our study, as well as in previous case series, the majority of patients was treated with TARE at a late stage of the disease and had a poor prognosis. Therefore, the OS observed probably underestimated the effects of radioembolization in patients at an earlier time point in the natural history of unresectable ICC (Al-Adra et al, 2015) . This hypothesis is supported by the notably longer survival obtained in patients who did not receive any prior treatment, as compared with patients in whom TARE was preceded by other treatments including surgery. It can therefore be inferred that TARE could be used with good results as a first-line therapy in patients with unresectable ICC. It is pertinent to note that recently published data show median survival figures of 11.7 months for unresectable ICCs undergoing systemic cisplatin-gemcitabine chemotherapy (Valle et al, 2010) and of 12.4 months for those treated with TACE (Boehm et al, 2015) . Our data represent a good background for a randomised controlled trial comparing TARE with other therapies, the only method of definitely asserting the superiority of 90 Y-TARE as a standard-of-care for unresectable ICC.
Unlike other studies (Saxena et al, 2010; Hoffmann et al, 2012; Mouli et al, 2013) , our study did not observe any association between ECOG performance status and survival. It is likely that this result simply reflects the better performance status of our study population as compared with other series. In fact, the majority of our patients had a performance status of ECOG 0 and none had a performance status of ECOG 2.
Similarly, OS did not vary significantly between patient subgroups with extrahepatic metastasis, multifocal tumours or portal invasion. Even this result can be ascribed to an insufficient number of cases in each subgroup.
As suggested by Camacho et al (2014) , our team assessed the radiological response to 90 Y-TARE using three different criteria. This allowed us to obtain some useful clinical information. First, as previously reported for HCCs treated with sorafenib (Gillmore et al, 2011), our study found that the response measured with the RECIST criteria does not predict survival. Second, the response rates at 3 months measured with both mRECIST and the EASL criteria applied to the delayed phases were higher as compared with those obtained with RECIST. Third, significantly improved survival was observed in patients demonstrating a radiological response, according to mRECIST and the EASL criteria.
Although the choice of evaluation criteria of the response is still a matter of debate, our results endorsed the experience of Camacho et al (2014) , confirming the superiority of 'enhancement' criteria over 'dimensional' criteria in evaluating the ICC response to 90 Y-TARE. The accurate imaging evaluation of the response after locoregional therapies is essential for cancer patient management. The RECIST criteria have been widely utilised in the majority of studies regarding ICC treated with TARE, but a clear correlation with survival has never been reported. This corroborated the demonstrated belief that tumour shrinkage measured as a single diameter in the RECIST criteria is inaccurate, due to the potential underestimation of the response, particularly following locoregional therapies. It could be correlated to the concept that in ICC, as well as in HCC evaluation, angiogenesis partially reflects carcinogenesis (Bruix et al, 2001; Lencioni and Lovet, 2010) . Hence, the enhancement of a viable tumour as measured by mRECIST and the EASL criteria can evaluate tumour response not only in HCC, in the arterial phase, but also in ICC by assessing the decrease of peripheral enhancement in the delayed phases of contrast-enhanced CT or MRI (Figure 2) .
A number of limitations of our study should be considered. The first limitation is certainly the small sample size, which did not allow the identification of prognostic factors. Second, the absence of a control group. However, the rare occurrence of ICC makes it difficult to conduct large prospective and randomised control trials in this context by a single centre alone. An additional limitation is related to the heterogeneity of the study population. Indeed, the majority of the patients enroled had already undergone prior surgical and/or medical or intravascular therapies before 90 Y-TARE. The heterogeneity of ICC, especially in advanced stages, is a confounding factor for the majority of published experiences regarding TARE, and represents a significant challenge in drawing firm conclusions regarding treatment efficacy. This heterogeneity includes both patient factors, tumour features and treatment factors (prior interventions and concomitant chemotherapy). Nevertheless, it is representative of the real-world clinical setting.
In conclusion, this case series, conducted in a real-world clinical setting of a tertiary referral centre, confirms that, in patients with unresectable primary or recurrent ICC, 90 Y-TARE is safe and shows a survival benefit especially in responders at 3 months as defined by mRECIST or the EASL criteria by measuring delayedphase contrast enhancement. Since ICC still represents a complex and heterogeneous scenario in which no evidence-based algorithms of care exist, future multicentric randomised controlled trials are required to establish the exact role and timing of 90 Y-TARE in the management of this cancer.
